The effect of a piped water supply on human water contact in a Schistosoma haematobiumâ€"endemic area in Coast Province, Kenya was studied. After the construction of five community standpipes and one shower unit, there was a 35 . 1% reduction in the number of people observed using river water, a 44. 1% reduction in the frequency of contact with river water, and a 25.4% reduction in the amount of contact. The frequency of river water contact per person also decreased significantly, but the amount of contact per person did not decrease. The total frequency of contact decreased significantly except for washing clothes by the river, washing utensils, and fishing. The frequency per person did not change for most of the activities and significantly increased for washing clothes. The frequency of river water contact in households with high piped water consumption showed a significant decrease compared with those with low piped water consumption. The volume of consumption of piped water was inversely proportional to the distance from the home to the community standpipe. These results indicate that in the study area, the effect of a piped water supply on river water contact behavior was heterologous while the total river water contact decreased significantly, and that the piped water had a beneficial effect on some villagers but very little effect on others.
Humans are responsible for the spread of schistosome in fection, and the pattern of schistosome infection depends on human behavior, especially contact with infested water. Mea sures that reduce this contact will reduce schistosome infec tion. A safe water supply, used in conjunction with mass chemotherapy, is an effective measure in the control of schistosomiasis. ' It reduces the frequency and degree of hu man contact with infested water and subsequently leads to a lower equilibrium level of transmission. However, the effect of a water supply on the transmission of schistosomiasis has not been fully understood. There are many reports on the impact of a safe water supply on the prevalence and/or the intensity of infection in particular communities.2'4 However, among them, only a few reports have examined the impact of a safe water supply on water contact behavior.9-@@@12 Since 1981, we have been conducting a schistosomiasis haematobia control program in a small village in Kenya. In the study area, a combination of mass chemotherapy and the introduction of a safe water supply was started in February 1984. Community standpipes were constructed and a shower unit was built at a primary school. The present work cx amines to what extent the provision of a safe water supply reduced contact with river water in the study area.
MATERIALS AND METHODS
Study area. The study area, Mwachinga village, is located in the Kwale District, Coast Province, Kenya. The land is undulating, dotted with houses on the hills, and partially cul tivated. The climate may be roughly divided into four sea sons: a long rainy season from April to June, a cool dry season from July to October, a short rainy season in Novem Since the records at one com munity standpipe were not complete, we excluded the house holds using this community standpipe from analysis. Water contact study. Water contact was measured by direct observation.'8-15 The study sites were 16 major points that had been identified as busy sites by a questionnaire. The study sites were divided into two groups of eight points each, and each was observed by one local observer who could identify each villager. The water contact behavior of the vil lagers was recorded from 6:00 ialivi to 6:30 PM The informa tion collected was name, sex, age, type of activity, and du ration of water contact. Observation of water contact was carried out on Tuesdays (normal weekdays), Fridays (holi days for Muslims), Saturdays and Sundays (weekends). Each of the 16 sites was observed for one day in each month, and on each of the four different observation days in each four month period. Therefore, to cover the four different obser vations days for one site, a four-month period (i.e., a block) was necessary. Since we started the observations in June, each block covers Juneâ€"September, Octoberâ€"January, or Februaryâ€"May, which we refer to as a block-season. The water contact study was started in June 1982 and continued for 48 months: 20 months (five four-month blocks) before, and 28 months (seven four-month blocks) after the installa tion of the piped water supply. A supervisor corrected simple mistakes in the collected data immediately after observation. The reliability of the data sent to our office was checked in two ways. First, the randomness of the data on duration of contact was checked under an assumption that the distribu tion of the duration of a behavior shows a negative expo nential distribution. Then, the means of duration of each ac tivity were compared between observers. To avoid seasonal influence, these examinations were carried out annually. To assess the effect of the piped water supply on water contact behavior more directly, we compared the decrease in the frequency of river water contact of each household with the consumption of piped water. A mean frequency of water contact per block by all the members of a household before and after the introduction of piped water was used to determine the rate of decrease in river water contact. The consumption of the piped water in the household was cx pressed as liters per person per year.
For statistical analysis, two-way ANOVA and regression analysis were applied with the main objective of assessing whether the frequency of water contact in a household de creased when members of the household consumed more piped water. We expected that the rate of decrease of the frequency of river water contact would also depend upon the frequency of contact before installation of piped water. Therefore, the frequency of water contact per person before installation was also taken into account.
RESULTS
Changes in number of observed people. Eight hundred seventy-nine of 1,230 inhabitants made river water contact at 16 observation sites during the period of the study. The average number of observed people making river water con tact in four observation days in a four-month period (in a block) before the installation of piped water supply was ap proximately 30% of the total population, and there was no significant difference between sexes.
The results of frequency and amount of water contact for males and females are shown separately in Tables 1 and 2 . The number of people observed in a block decreased in both sexes. These decreases were statistically significant both in males and in females, even when the factors of age group and season were taken into account. The population in creased at an annual rate of about 3% during this observation period.
Although the number of observed people did not differ according to the season, it differed significantly according to age in both sexes (P < 0.01). Therefore, subgroup analyses were made for age groups in each sex (Table 3 ). In males, the least square mean of the number of observed persons decreased in all age groups after the installation of safe wa ter. However, the decreases were significant in the groups 0â€"4,5â€"9,10â€"14,20â€"29, and 40â€"49 years of age. In fe males, the least square mean decreased in all age groups except in the age group 60 or more years of age. Significant changes were observed in the groups 0â€"4,5â€"9,15â€"19, 20â€" 29, and 30â€"39years of age. Tables 1 and 2 . The mean of total frequency of river water contact in a block showed a significant decrease both in males (47.3% reduction) and in females (41.2% re duction) after piped water installation.
Changes in frequency of water contact. Results are shown in
The frequencies differed significantly according to age in both sexes (P < 0.01) but not according to season. The de crease of frequency in males significantly interacted with age group (P < 0.01), but that in females did not (P > 0.05). The decrease was observed in all age groups of males (Fig  ure 2) , although significant differences were not observed in groups 15â€"19and 30â€"39years of age. In females, a signif icant decrease was observed in the groups 0â€"4,15â€"19, 30â€" 39, and 50â€"59years of age ( Figure 3) .
The frequency of water contact per person per block also showed a significant decrease both in males and in females after piped water installation. However, the decrease in fre quency per person was not as steep as that of total frequency. I Geometricmeanof all of the peopleobservedbeforeor after installationof watersupply.
The rates of decrease in the frequency of contact were only 12.1% in males and 6.9% in females. The frequency per person varied significantly by age group (P < 0.01) and by season (P < 0.05) in both sexes. However, there were no interactions observed between these factors (P > 0.05). By subgroup analysis, significant de creases in the frequency per person were observed in males in the groups 10â€"14and 60 or more years of age (from 1.85 to 1.49 and from 2. 10 to 1.51, respectively), and in females in the group 50â€"59years of age (from 2.25 to 1.64) (P < 0.05). The frequency per person did not differ significantly between any two seasons in either males or females. After piped water installation, a significant decrease was observed in the seasons of Juneâ€"September and Octoberâ€"January (P < 0.05) in males, but not in females.
Changes in amount of water contact. The amount of water contact significantly decreased after piped water in stallation in males. It decreased also in females, but the change was not significant (Tables 1 and 2 ).
Tiau 3
Number of observed persons at 16 water contact sites for four months before and after provision of piped water
The amount of river water contact differed significantly according to age group (P < 0.01) and season (P < 0.01) in both sexes. Significant decreases in the amount of water contact in males were observed in the groups 0â€"4,5â€"9, and 60 or more years of age (Figure 4) . In females, a significant decrease was observed only in the group 0â€"4years of age ( Figure 5 ). Among the three seasons, the amount of water contact of males was highest in Februaryâ€"May and lowest in Juneâ€"September, and the differences between the seasons were significant. The decrease in the amount of water con tact after piped water installation in the season of Juneâ€"Sep tember was not significant in males. In females, the amount of water contact was significantly lower in the season of The horizontal lines in the first two sets of bars separate the two age ranges indicated on the x-axis. The upper part of the bar indicates the older age range and the lower part of the bar indicates the youn ger age range. sites before and after provision of piped water. The value for before piped water supply is the arithmetic mean of five observation pen ods. The value for after piped water supply is the arithmetic mean of seven observation periods. â€˜The decrease was significant at the 0.05 level. The horizontal lines in the first two sets of bars separate the two age ranges indicated on the x-axis. The upper part of the bar indicates the older age range and the lower part of the bar in dicates the younger age range.
Juneâ€"September than in the other two seasons, and no sig nificant decrease was observed in any season after piped water installation.
In contrast to the other indices of water contact, the geo metric mean of the amount of river water contact per person per block did not decrease after piped water installation, but increased from 5.30 to 6.89 in males and 5.39 to 7.09 in females (Tables 1 and 2 ). However, the difference was not significant in either sex when age group and season were taken into account. degree of the changes in the amount of water contact per person were not different among the three seasons in females and were not different among age groups in both sexes, the degree of the changes were significantly different among the seasons in males (P < 0.01). In the season of Juneâ€"Septem ber, the geometric mean of the amount of water contact in creased significantly from 1.86 to 4. 17, whereas it decreased in Februaryâ€"May from 13.22 to 6.13. Although the mean amount in females increased in all seasons, the changes were not significant.
Changes in water contact frequency by activity. We categorized community activities as shown in Tables 4 and

We divided the activity of washing clothes into two types:
washing in the river and washing by the river, since the total frequency of river washing did not change significantly, but our impression was that the washing activity changed after piped water installation. In both sexes, the total frequency of water contact per block decreased significantly after piped
T@nu 4 Water contact frequency in four observation days in a four-month
period at 16 sites before and after provision of piped water a Arithmetic meait offive obaervation periods.
t Arithmeticmeanof sevenobservationperiods. 
I Water contact withbodyparts@
# Crossing the river, watering animals, and unspecified activity water installation in the activities of washing clothes in the river, bathing, washing the body, playing, and drinking. In females, the frequency of collection of river water also de creased significantly (Table 4) . In contrast to total frequency, the frequency per person decreased significantly only in male bathing (Table 5) . Also, in contrast to total frequency, the frequencies per person in the activities of washing clothes both in and by the river increased significantly in both sexes. The frequencies per person of other activities did not change significantly.
Piped water consumption. (Table 6 ) and with the distance to community standpipe (Figure 6 ), but it did not correlate with the distance to the river (Figure 7) .
Piped water consumption and change In frequency of river water contact. The consumption of piped water per person and the change in frequency of river water contact in a household are shown in Table 7 . Our analysis was made on 124 of 133 households since no members of nine house holds had been observed in contact with the river before the installation of piped water.
We divided the households arbitrarily into three groups according to the volume of water consumption:
those that used more than 1,000 liters of piped water per person per year, those that used 1,000 liters or less but more than 100 liters, and those that used 100 liters or less. The water con tact frequency decreased to less than half in the households that used more than 1,000 liters per person per year. How ever the rates of decrease were very small in those that used 101-1,000 liters and in those that used less than 100 liters. In households with a high consumption of piped water, the C: frequency of water contact per person per block showed a significantly greater decrease than in those with low con sumption of piped water. The rates of decrease also differed significantly according to the frequency of contact before piped water installation (P < 0.01). However, the frequency of contact before piped water installation did not relate to piped water consumption.
DISCUSSION
In the present study, the ultimate purpose of providing a safe water supply was to reduce infection with Schistosoma haematobium. To evaluate the impact of the safe water sup ply, it would be necessary to record changes in S. haema tobium infection in the area. In our study area, mass che motherapy with metrifonate was carried out together with the introduction of piped water in February 1984. The se lective mass chemotherapy with metrifonate caused a 79.8% reduction in the intensity of S. haematobium infection and a sharp decrease in the prevalence of gross hematuria from 18.3% to 5.1%, although the overall prevalence of hematuria was reduced only slightly from 67.4% to 54.0%. 19However, it is also important to record how people change their be havior after safe water becomes available because the re duction of the infection rate depends on the reduction of contact with infested water.
There are several reports that a water supply system that is either communal or household lowers the degree of in fested water contact in a community. The difference in the degree of water contact between patients who lived in homes with and without a piped water supply was examined in an area endemic for S. mansoni in Brazil.9 The geometric mean of the degree of contact with infested water was significantly higher in individuals without piped water in the house than in those with piped water (96.8 versus 25.7 for the whole population). In the villages of St. Lucia, which provided safe water to the households, the total number of observed con tacts with infested water was reduced by 68% in a 15-month observation period.2Â°It was shown in some other endemic areas that the communal provision of safe water also had a In an endemic area in Brazil, the factors found to be independently associated with S. mansoni infection were age, water contact for agricultural activities, fishing, and swimming or bathing. The infection rate was not influenced by whether people had piped water, a well, or an unsafe water supply. 9 Few reports have examined the impact of a safe water supply on the water contact behavior of inhabitants. We ob served that the number of people with infested water contact, the total frequency of river water contact, and the total amount of such contact decreased significantly after piped water installation: a 35. 1% reduction in the number of ob served people, a 44. 1% reduction in the total frequency of contact, and a 25.4% reduction in the total amount of con tact. However, the reduction in the frequency of contact per person was only 12.1% in males and 6.9% in females, al though this reduction is significant. The amount of water contact per person increased from 5.30 to 6.89 in males and from 5.39 to 7.09 in females. The total frequency decreased in almost all activities. However, the frequency per person increased significantly for washing clothes (washing clothes in the river: from 1.48 to 1.76 in males and from 1.39 to 1.63 in females; washing clothes by the river: from 1.28 to 1.69 in males and from 1.19 to 1.93 in females). All these facts imply that the reduction of water contact was mainly due to the decrease in the number of people coming to the river. The people who continued using river water actually increased, but not significantly, their amount of water con tact. The impact of the piped water supply was only on a limited number of people who almost completely stopped using river water and therefore were not recorded in our water contact study. These results show that piped water reduced the contact with infested water at the community level. However, the results also indicate that the effect of the water supply on the water contact behavior of villagers was heterologous: i.e., the piped water supply had a great influ ence on some of the inhabitants in the area but very little on the rest.
The influence of a safe water supply on the various types of water contact activity depends on many factors, such as the type of water supply, quantity and quality of water, and the facilities prepared (laundry tubs, taps, and showers). In a neighboring district of our study area, for example, bore hole wells were introduced in some villages and the impact on water usage was assessed by tiaire' The study area was located on low land where the main high-risk water sources were ponds and marshes and vector snails were dif ferent from those found in our study area. Following intro duction of wells, there were significant decreases in the use of high-risk water for drinking, cooking, and dish washing, but not for bathing and clothes washing. However, in our study area, the impact of a piped water supply on bathing was significant. This difference was probably due to the shower unit installed in our study area.
The impact in our study area was almost equal on both sexes and on each age group, although a little greater in younger age groups. Our water supply system did not have much effect on major domestic activities such as washing clothes and washing utensils, probably because of the lack of laundry facilities. The activities of washing clothes and utensils were not major activities of children. The shower unit was provided especially for school children free of charge. Thus, it was not surprising that a relatively greater reduction was observed in children than in adults. Fetching water and washing clothes are major activities for women. The impact seemed to be less in females than in males, al though the sexual difference was not significant except for the total amount of contact.
Our data indicate that the people using piped water had less contact with river water. A significant decrease was seen only when people used more than 1,000 liters per person per year. In these cases, the frequency of river water contact in the household decreased to less than half of that in the period before the installation of piped water. In our study, using less than 1,000 liters of piped water per person per year was insufficient in reducing contact with river water significantly. It is likely that meaningful replacement of river water sources with safe water occurs only when people use a cer tan quantity of safe water.
One of the factors determining the consumption of piped water was the distance from the home to the taps. The lim ited number of community standpipes for a dispersed pop ulation restricted usage. In this village, only 35% of the households are located within 500 m of community stand pipes, and 70% of the households are located within 1 km. The construction of more standpipes would be a solution to this problem. The requirement for immediate payment for water and the lack of facilities for washing clothes also seemed to be factors that prevented further reduction in con tact with infested water. In Ethiopia, household surveys showed that the use of stream water continued after the in stallation of the piped water system, due to the high cost of piped water, frequent breakdowns of the pump, and a pref erence for stream water for washing clothes. @ It is interesting that the activities of bathing decreased both at the communal and individual levels, even though only one shower unit was constructed in a school, and that mainly for the pupils. Also, people changed their washing place dramatically from streams to riverbanks without edu cational efforts. The actual presence of the control activity probably worked as an educational tool for the control of schistosomiasis in the village.
The results of this study indicate that a safe water supply is not always used by all of the inhabitants of an area. To overcome the heterogeneity of the reduction of water con tact, the construction of more community standpipes, the provision of laundering facilities, and systematic health ed ucation would be necessary.
